Background: A computerized cognitive rehabilitation program can be used to treat patients with mild cognitive impairment or dementia. We developed a new computerized cognitive rehabilitation program (Bettercog) that contained various treatment programs for cognitive training for mild cognitive impairment or dementia. This study was conducted to compare the clinical efficacy of Bettercog and computer-assisted cognitive rehabilitation (COMCOG) that has had clinical efficacy previously proven in patients with mild cognitive impairment or dementia.
Introduction
A characteristic of dementia is that the prevalence rate increases in proportion to increases in age. [1] In terms of socioeconomic costs, it is important to maintain the independent activities of daily living of patients with mild cognitive impairment (MCI) or early dementia. Treatment options for patients with MCI or early dementia can be divided into pharmacologic and nonpharmacologic treatments. It has been reported that the former helps improve cognitive function and activities of daily living in patients with dementia. [2] Nonpharmacologic treatments, such as cognitive training or rehabilitation, exercise programs, and occupational therapy, have also been reported to be effective in alleviating the symptoms of dementia. [3] Computerized cognitive rehabilitation programs are an amalgamation of existing cognitive rehabilitation programs and IT technology, which means that cognitive rehabilitation is performed using a touchscreen or joystick on a PC. Among computerized cognitive rehabilitation programs, RehaCom reported improvement of cognitive function in patients with stroke. [4] It has been reported that patients with Alzheimer dementia who have been treated with computer-assisted cognitive rehabilitation (COMCOG; Maxmedica Inc, Seoul, Korea) have demonstrated improved memory. [5] However, while existing products have used joysticks to increase usability, this can be problematic for elderly patients who are unfamiliar with such technology in actual clinical application. In addition, since a joystick is always required to operate the program, it is difficult for computerized cognitive rehabilitation to be widely used as personal treatment equipment. In terms of program software, some cognitive rehabilitation programs are limited in that they focus only on the memory and attention domains, which limit the training of other cognitive domains.
Therefore, researchers designed a new computerized cognitive rehabilitation program (Better Cognition: Bettercog, M3 solution, Daegu, Korea) using touchscreen-based interface so that it can be applied to personal computerized cognitive rehabilitation treatment equipment. In terms of software, this computerized cognitive rehabilitation program includes several cognitive areas, and we considered cultural factors by reviewing the literature and cognitive training methods. This is a preliminary study to examine the clinical effect of Bettercog.
Methods

Development of a new computerized cognitive rehabilitation program
The previous Korean version of a computerized cognitive rehabilitation program was designed to focus on memory and attention training. Therefore, there was a need for a new computerized cognitive rehabilitation program that could address other aspects of cognition in patients with MCI and dementia. Based on the existing literature, we developed a new computerized cognitive rehabilitation program using words, photos, and images appropriate to Korean culture. We selected about 400 words based on literatures and cognitive training tools.
The computerized cognitive program consisted of orientation (time, place, person), attention, memory, language, executive function, visuospatial function, calculation, and motor functions such as finger tapping training. Each area was designed with 3 levels: easy, intermediate, and difficult. In the difficult level, the program was designed to enable integrated cognitive training between the main cognitive domain and other cognitive domains.
For example, in the difficult level of calculation, after letting the participants remember a list of items to buy, they had to find the items, and were then asked the sum of the prices of purchased items to train short-term memory, calculation, and executive function.
To interest patients with MCI and dementia in the newly developed computerized cognitive rehabilitation program, game elements such as animations, game characters, and rewards for responses to correct answers were added.
Inclusion criteria
This study included participants who had a diagnosis of MCI, Alzheimer dementia, or vascular dementia. Cognitive function was screened using the Korean Mini-Mental State Examination (K-MMSE) and Clinical Dementia Rating (CDR). The cut-off value for MCI on the K-MMSE was 24, and a CDR of 0.5. [6, 7] The study was approved by the Chungbuk National University Hospital IRB (no: 2016-10-005). Only those who voluntarily agreed to the research agreement were included in the study. This study was conducted from August 1, 2017 to March 10, 2018. A total of 21 subjects were enrolled in the study.
Exclusion criteria
Exclusion criteria included: visual disturbance, moderate to severe hemineglect, senile cataract, hearing difficulty, moderate to severe aphasia, moderate to severe Parkinson disease, initiation of cognitive enhancing drugs within the past month, changes in cognitive enhancing drug regimen during the clinical study, and other musculoskeletal or neurologic diseases that would affect the ability to control the touchscreen. Subjects were excluded from the study if they wanted to stop participating in the study at any point.
Evaluation of cognitive function
A Korean version of the Western Aphasia Battery was used to identify aphasia before initiation of treatment. We performed a star cancellation test, line cancellation test, and line bisection test to identify unilateral neglect before initiation of treatment.
The Seoul Neuropsychological Screening Battery 2nd edition (SNSB-II), a comprehensive neurocognitive function test suited to Korean culture, was administered before and after treatment. The SNSB-II consists of the 5 domains of cognitive function: attention, language and related functions, visuospatial function, memory, and frontal/executive function. It provides a raw score, percentile data adjusted by age and duration of education, and T scores. [8] 
Evaluation of activities of daily living
The Korean version of the modified Barthel Index (K-MBI) was administered before and after treatment to assess activities of daily living. [9] Evaluations were conducted by experienced language therapists, clinical psychologists, and occupational therapists. All patients were examined by the same person before and after treatment.
Randomization and masking
This study is a preliminary study, and based on previous studies, we aimed to recruit 10 subjects per group. [10] Block randomization method was used, and 1 block consisted of 10 persons. To Lee et al. Medicine (2018) 
Medicine randomize the subjects, random numbers were generated using Excel's RAND function by an independent person who was not involved in clinical evaluation or treatment. The assigned random number was placed in a concealed envelope and delivered to the occupational therapist who performed the computerized cognitive training. Cognitive rehabilitation was completed by the randomly assigned subjects on COMCOG or Bettercog, which was administered by the same occupational therapist. Only the occupational therapist knew which computerized cognitive rehabilitation program to use during treatment and did not tell the subjects what the name of the program was. Both groups also used the same PC so as not to be able to deduce which group the subjects were assigned to by the device. The clinical psychologist evaluated cognitive function and K-MBI in an independent space. The clinical investigator, the physician, and the clinical psychologist did not know about the allocation until the end of the clinical study. Subjects received 12 computerized cognitive rehabilitation treatments over 3 weeks. One session of computerized cognitive rehabilitation was performed for 30 minutes. The occupational therapist used the appropriate items of each computerized cognitive rehabilitation program in accordance with the participants' cognitive function.
Statistical analysis
The primary variables for assessing the effectiveness of computerized cognitive rehabilitation were cognitive function scores, K-MMSE, CDR, and the 5 cognitive domains of the SNSB-II. The secondary variable for determining the effectiveness of computerized cognitive rehabilitation therapy was the K-MBI score measuring the activities of daily living.
The independent T test was performed to compare the 2 groups regarding education level, language and related function, visuospatial function, and memory domain of the SNSB-II at initial visit. The Mann-Whitney U test was used when the equal variance was not assumed. The Mann-Whitney U test was performed to compare the 2 groups regarding age, K-MMSE, CDR, attention and frontal/executive function domain of the SNSB-II at initial visit. The paired T test was performed to compare the 2 groups regarding scores on the K-MMSE, CDR, 5 cognitive domains of the SNSB-II, and the K-MBI at initial and final visit. The analysis of the 5 domains of the SNSB-II was performed using the percentile data in the population group which was adjusted for age and education. Fisher exact test was performed to compare sex, illiteracy, and type of dementia in both groups at baseline.
When analyzing the detailed cognitive functions constituting the SNSB-II, we selected some cognitive function evaluation tools appropriate for illiterate subjects and with percentile data for age and education level in Korea. Finally, a digit span test, a short form of the Korean-Boston naming test (S-K-BNT), the ReyOsterrieth complex figure test (RCFT), and Seoul verbal learning test-elderly's version were selected among the SNSB-II for further analysis.
Statistical analysis was performed using IBM SPSS statistics 24 (IBM, Armonk, NY) and all statistical significance levels were set at .05.
Results
After excluding one subject due to a viral disease that required isolation, 20 subjects participated in the study. The mean age of the subjects was 74.3 ± 8.4 years, the duration of education was 6.3 ± 6.5 years, the initial K-MMSE score was 17.9 ± 5.1, CDR was 1.2 ± 0.9, and K-MBI was 47.5 ± 19.6.
There were no statistically significant differences in age, sex, duration of education, literacy rate, and initial K-MMSE, CDR, SNSB-II, K-MBI scores, and type of dementia between the COMCOG and Bettercog groups (Table 1) . Eight subjects in the COMCOG group and 9 in the Bettercog group completed the treatment sessions. There was no statistically significant difference in the number of treatments between the COMCOG (11.2 ± 1.9) and Bettercog (11.8 ± 0.7) (P = .474) groups.
Changes in cognitive function
There was no statistical difference in K-MMSE, CDR, and SNSB-II scores between the COMCOG and Bettercog groups at initial and final examination. However, in the posttreatment cognitive function evaluation, it was found that the K-MMSE, CDR, and SNSB-II scores were improved before treatment. Especially, statistical significance was observed in the K-MMSE and the SNSB-II's memory domain in subjects treated with Bettercog (Table 2) .
In further analyzing the constitutes of the SNSB-II, subjects who completed Bettercog and COMCOG had improvement in S-K-BNT score, but statistically significant observed in Bettercog group (Table 3) .
Changes in abilities of activities of daily living
There was no statistical difference in K-MBI scores between the COMCOG and Bettercog groups at initial and final examination. The K-MBI score of subjects treated with COMCOG improved from 44.2 ± 19.4 to 61.2 ± 23.9 (P = .011), and the K-MBI score of those treated with Bettercog improved from 50.4 ± 20.4 to 70.9 ± 16.4 (P = .001). The data were presented as n (%) or mean ± standard deviation. AD = Alzheimer dementia, CDR = clinical dementia rating, COMCOG = computer-assisted cognitive rehabilitation, K-MBI = Korean version of modified Barthel index, K-MMSE = Korean-mini mental state examination, MCI = mild cognitive impairment, SNSB = Seoul Neuropsychological Screening Battery 2nd edition, VD = vascular dementia.
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Discussion
Cognitive rehabilitation therapy is a good treatment option for patients with MCI or dementia. Computerized cognitive rehabilitation is keeping pace with advances in IT technology, and clinical effectiveness has been verified in patients with various cognitive impairments such as multiple sclerosis and schizophrenia as well as dementia. [4, 11, 12] The COMCOG, the 1st clinically licensed device in Korea, was selected for the control group for comparison with the new cognitive rehabilitation program in this study. Studies have reported that orientation, registration, and recall as assessed by the K-MMSE improved significantly in 35 Alzheimer dementia patients who underwent the therapy for 30 minutes daily over 4 weeks. [5] In another study, cognitive training using COMCOG consisting of 30 minutes sessions per day, 3 times a week over 4 weeks, was associated with improved performance on digit span tests, auditory controlled continuous performance tests, and finger tapping tests in patients with brain lesions. [10] In this study, among the subjects treated with COMCOG, the scores on the K-MMSE, CDR, and 5 domains of the SNSB-II were improved but not statistically significant. While COMCOG confirmed the improvement of the digit span test after short-term cognitive training in previous studies, in this study, there was no effect on cognitive function, possibly because the treatment period of 3 weeks was insufficient to verify therapeutic effects. [10] Performance on the distal span test of the COMCOG was improved, similar to the results of a previous study, but it was estimated that the treatment period or recovery in the current study was insufficient as results did not reach statistical significance.
The K-MMSE score, memory domain of the SNSB-II, and S-K-BNT were statistically significantly improved in subjects who underwent computerized cognitive rehabilitation using Bettercog. This performance is better than the cognitive function performance in patients treated with COMCOG. However, considering the small number of participants in each group, shorter treatment periods than previous studies, and no definite difference in cognitive function between 2 groups before and after treatment, it is difficult to conclude that either treatment is superior.
The K-MBI results analyzed by the second outcome variables indicated that both groups' performance improved over the course of treatment. This is consistent with previous studies that have indicated that computerized cognitive rehabilitation training has resulted in improvements in activities of daily living. [13] This study has several important limitations in that there were few subjects and a short treatment period. As there were a limited Table 2 Comparison cognitive function and activity of daily living between pretreatment and posttreatment by treatment group.
COMCOG (n = 10)
Bettercog (n = 10) The data were presented as mean ± standard deviation. CDR = clinical dementia rating, COMCOG = computer-assisted cognitive rehabilitation, K-MBI = Korean version of modified Barthel index, K-MMSE = Korean-mini mental state examination, SNSB = Seoul Neuropsychological Screening Battery 2nd edition. The data were presented as mean ± standard deviation. COMCOG = computer-assisted cognitive rehabilitation, RCFT = Rey-Osterrieth complex figure test, S-K-BNT = short form of Korean-Boston naming test, SVLT-E = Seoul verbal learning test-elderly's version. Lee et al. Medicine (2018) 97:45 Medicine number of treatment sessions, there were limitations on the variety of cognitive rehabilitation treatments that could be administered to patients. Another limitation to address is practice effects and the short test-retest interval. And the high illiteracy rate was a limitation in using cognitive assessment tools to evaluate language function and frontal/executive function. Results of visuospatial function and language and related functions of the SNSB-II after treatment using the Bettercog demonstrated that the Bettercog needs to improve in visuospatial function and language training software. Although SNSB, MMSE, and CDR were used to assess cognitive function, neurologists and psychiatrists did not participate in the differential diagnosis from other diseases that could cause cognitive decline. In addition, various types of dementia, MCI, Alzheimer disease, and vascular dementia were included as subjects; however, additional analysis of cognitive improvement in individual diseases was not performed due to the small number of subjects in each disease. In addition, there is a limit that the change of noncognitive symptoms accompanying dementia before and after treatment was not evaluated. This study is a preliminary study to evaluate the possibility of the therapeutic effect of newly developed computerized cognitive rehabilitation equipment. For Bettercog to be used in the treatment of MCI or mild dementia, large number clinical studies are needed to overcome the limitations.
Conclusion
Despite the limitations, cognitive function assessments such as the K-MMSE and memory domain of the SNSB-II demonstrated improvement after treatment using Bettercog and clinical results suggest that it may be a better therapeutic tool than COMCOG for cognitive function training for patients with early dementia or MCI.
